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3.2 Testing and Results

3.21 Test Results at Input 120 Vrms, 60 Hz, Output 380-V DC

3.2.1.1 Startup

The startup sequence of the power stage is shown in Figure 58 with input single phase of 120 Vrms VL-N,
an output bus regulated at 380 V, and a 1.6-KW load and no load.
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Figure 58. Startup of PFC Operation at 120-Vac IN, 380-V DC OUT and 1.6-KW Load

Figure 59 shows the startup under no load.
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Figure 59. Startup of PFC at 120-Vac IN, 380-V DC Output, and 0% Load

3.2.1.2  Steady State Condition

Steady state current waveforms are shown in Figure 60, Figure 61, and Figure 62 at different load
conditions. Phase shedding is disabled for these readings.
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Figure 60. Steady State 120-Vac IN, 380-V DC OUT 300W, iTHD 5.5%

TIDUD61B—November 2017 —-Revised May 2018 Interleaved CCM Totem Pole Bridgeless PFC Reference Design Using 49

Submit Documentation Feedback C2000™ MCU
Copyright © 2017-2018, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

Hardware, Software, Testing Requirements, and Test Results www.ti.com

T _500W/ 7 200W 3 100% T0s FO00E Ao F 1 @130
v T DC Bus Voltage

;

A
4% voltage ripple Vac 120 Vrms

1

Steady State 880 W iTHD 2.15%

Efficiency 97.42 AT
Current +933 000000000ms

=3
e +1.0010H:
A3

+31.250m¥

Figure 61. Steady State 120-Vac IN, 380-V DC OUT 880W, iTHD 2.15%
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Figure 62. Steady State 120-Vac IN, 380-V DC OUT, 1.674-KW, iTHD 1.75%

Table 4 lists the detailed test results of this design under varying load conditions with 120-Vac input and
380-V DC output. For this data, phase shedding is disabled, adaptive dead time is enabled, 100 ns is
chosen as the fixed dead time for the hard-switched edge, and the soft switching edge dead time varies
between 20 ns and 200 ns.

Table 4. Detailed Test Results with 120-Vac IN, 380-V DC OUT, and Different Power Levels

Vin (V Pin EFFICIEN RATE | THETA
H 0,
RMS) | Vout(v) b lout (A) Pout (W) eyor . |iTHD% | PF 5 OF$SE GI KP
LOAD
120.05 382.02 154.27 0.375 143.47 9298 | 1054 | 0.9927 | 9.0 |-0014 | 0.35
119.86 382.01 301.30 0.750 286.36 9514 | 550 |0.9974| 17.9 | 001 | 0.35
119.49 382.01 444.40 1120 427.76 9630 | 416 | 09987 | 267 | 001 | 0.35
119.42 382.03 579.10 1.469 561.40 96.94 | 2.89 | 09950 | 351 | -001 | 0.35
119.16 382.02 721.30 1837 701.80 9730 | 242 |09995| 439 | 001 | 035
119.02 382.05 863.00 2.202 841.50 9752 | 215 |09995| 526 | 0 | 035
118.78 381.96 10072 2573 983.30 97.64 | 192 |09995| 615 | 0 | 035
1152.0
118.63 382.08 > 2.944 1125.30 97.69 | 1.82 |09995| 703 | 0 | 035
1298.4
118.40 382.08 3 3.319 1268.20 97.70 | 172 |09994| 793 | o | 035
1442.0
118.25 382.08 5 3.685 1408.30 97.69 | 1.87 |09991| 880 | 0 0.3
1593.8
118.03 382.08 5 4.071 1555.50 97.65 | 1.80 |09991| 972 | 0 0.3
1716.4
117.98 382.05 0 4.449 1674.80 97.61 | 1.75 | 09991 | 1047 | 0 0.3
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3.2.1.3  Transient Test With Step Load Change

3.2.1.3.1 0% to 50% Load Step Change

Figure 63 shows the transient response when input is 120 Vrms and a load step of 50% is applied to the
power stage
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Figure 63. Transient Response, 120 Vrms, 60 Hz, 0% to 50% Load Step

3.21.3.2 50% to 100% Load Step Change

Figure 64 shows the transient response when input is 120 Vrms and load is stepped up from 50% to
100%
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Figure 64. Transient Response, 120 Vrms, 60 Hz, 50% to 100% Load Step

3.2.1.3.3 100% to 50% Load Step Change
Figure 65 shows the transient response when the input is 120 Vrms and load is stepped down from 100%

to 50%.
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Figure 65. Transient Response, 120 Vrms, 60 Hz, 100% to 50% Load Step
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3.21.3.4 50% to 100% Load Step Change

Figure 66 shows the transient response when input is 120Vrms and load is stepped down from 50% to
0%.
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Figure 66. Transient Response, 120 Vrms, 60 Hz, 50% to 0% Load Step

3.2.2 Test Results at Input 230 Vrms, 50 Hz, Output 380 V DC

3.2.2.1  Startup

Figure 67 shows the startup sequence of the power stage with input single phase 230-Vrms VL-N and
output bus regulated at 380V and a 880-W load.
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Figure 67. Startup of PFC Operation at 230-Vac IN, 380-V DC OUT at 880-W Load

Figure 68 shows the startup of PFC at no load at 230 Vrms.
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Figure 68. Startup of PFC Operation at 230-Vac IN, 380-V DC OUT at no Load
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3.2.2.2 Steady State Condition

Figure 69, Figure 70, and Figure 71 show the steady state current waveform at different load conditions.

Phase shedding is disabled for these readings.

Figure 69.

Figure 70.

Figure 71.
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Steady State 230-Vac IN, 380-V DC OUT, 3.3KW, iTHD 2.69%
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Table 5 lists the detailed test results of this design under varying load conditions with 230-Vac input and
380-V DC output. For the following data, phase shedding is disabled, adaptive dead time is enabled, 100
ns is chosen as the fixed dead time for the hard switched edge, and the soft-switching edge dead time
varies between 20 ns to 200 ns.

Table 5. Detailed Test Results With 230-Vac IN, 380-V DC OUT and Different Power Levels

— EFFICI % THETA
e Vout(V) |Pin(W)| lout(A) Pout (W) |ENCY |iTHD% | PF RATED | OFFSE | Gi Kp
% LOAD |T

230.68 381.98 | 151.28 0.372 142.16 94.03 |1820 |09775 |44  |-0.025 |0.35

23043 38200 | 292.24 0.736 281.41 9629 |915 |09936 |88  |-002 |035

230.25 38203 | 435.90 1109 423.62 97.18 |612 |09938 |132 |-001 |035

230.06 38206 | 576.40 1473 562.86 97.66 |485 |09972 |17.6 |-001 |035

229.80 38205 | 856.80 2.201 841.00 98.15 |4.16 |09974 |263 |0 0.35

229.70 382.11 ”‘2')0'1 2,935 112190 |9842 |314 |0.9989 351 |0 0.35
1418.8

22952 382.08 0 3.659 1398.40  |9857 |242 09993 437 |0 0.3
1699.2

229.28 382.08 p 4.386 1676.40 | 9866 |274 |09995 |524 |0 0.3
1977.7

229.06 382.09 it 5.106 1951.90  |98.71 |256 |0.9996 |61.0 |0 0.3
22615

229.09 382.11 © 5.840 223240  |9873 |262 |0.9995 |69.8 |0 0.25
25483

228.91 382.11 p 6.580 251560  |98.73 |2.50 |0.9994 |78.6 |0 0.25
2840.6

228.86 382.14 ! 7.332 280320  |9871 |289 |0.9990 |87.6 |0 0.2
31328

228 51 382.12 > 8.083 309110 9869 |2.80 |0.9989 |966 |0 0.2
3439.1

228.22 382.03 o 8.873 339230 9865 |269 |09988 |106.0 |0 0.2

3.2.2.3 Transient Test With Step Load Change
Following sections show the transient test results with step load change.

3.2.2.3.1 33% to 100% Load Step Change
Figure 72 shows the transient response when input is 230 Vrms and load is stepped down from 100% to

33%.
1 500%/ 2 200v/ 3 100%/ 0.0s 100.027 Stop + 3 BO1Y
k4 1
! 38.5 V Undershoot DC Bus Voltage 7.
L W il Normal
i 1,00MSas
Vac 230 Vrms A ;s =
[i[§ 1.00:1
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Figure 72. Transient Response, 230 Vrms 50 Hz, 33% to 100% Load Step
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3.22.3.2 100% to 33% Load Step Change

Figure 73 shows the transient response when input is 230 Vrms and load is stepped down from 100% to

33%.
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Figure 73. Transient Response, 230 Vrms 50 Hz, 100% to 33% Load Step
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3.23 Test Results Graphs
Figure 74 shows the efficiency data plotted under different test conditions for this design.
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Figure 74. Efficiency at 230-Vrms Input and 120-Vrms Input

Figure 75 shows the THD data plotted under these test conditions.
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Figure 75. THD at 230-Vrms Input and 120-Vrms Input
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Figure 76 shows the PF data plotted under these test conditions.
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Figure 76. PF at 230 Vrms and 120Vrms With Varying Load
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDM-1007 .
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDM-1007 .
4.3 PCB Layout Recommendations
431 Layout Prints
To download the layer plots, see the design files at TIDM-1007 .
4.4 Altium Project
To download the Altium project files, see the design files at TIDM-1007 .
4.5 Gerber Files
To download the Gerber files, see the design files at TIDM-1007 .
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDM-1007 .
5 Software Files
To download the software files, see the design files at TIDM-1007 .
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